Isoetes anatolica sp. nov. is described from a population growing in seasonal ponds of a mountain near the southern coast of the Black Sea in Bolu, Turkey. It is a robust, amphibious quillwort, characterized by semiterete, carnose microphylls, semicircular foliar section, smooth cuticle, prominent cuticular pegs, stomata, several collenchymatous strands, abundant pectic filaments and connections in the cells of the translacunar diaphragms, incurved alae, well developed ligula, small carnose labium, no velum, well-formed bulliform megaspores and obscurely muriform microspores. Plants were investigated anatomically and a description with additional diagnostic characters is included. Morphological affinities with other species of the genus are discussed. Intercellular pectic protuberances (IPP) were studied in the cells of the translacunar diaphragms of the microphylls of several species of Isoetes including I. anatolica. The IPP were examined to determine if they could provide diagnostic characters. They were detected with TBO and analysed using light and scanning electron microscopy. Types of IPP and species bearing them were as follows: warts in
INTRODUCTION
Examination of Isoetes collections from herbaria during a study of foliar diagnostic characters in the genus Isoetes, revealed a unique collection of specimens made by researchers of the Real Jardín Botánico de Madrid during a field trip to Turkey during June and July 2001. This collection is composed of several specimens that were growing on calcareous soils on the edges of seasonal ponds next to mixed woods of firs and beeches at Bolu, Turkey. The site is located in a mountainous area near the southern coast of the Black Sea at 1400 m above sea level. The specimens are robust and show well-formed megaspores and microspores. The specimens could not be referred to any previously described taxon and therefore we describe them as a new species.
Literature on Isoetes and keys to the species of the genus normally rely on a few characters, mostly related to habit, plant size, corm lobing, velum cover, spore size and ornamentation, and more recently, chromosome number. Based on previous studies made on Isoetes (Hall, 1971; Marsden, 1976; Prada, 1979; Prada & Rolleri, 2003; Rolleri & Prada, 2004 ; C. H. Rolleri & C. Prada, unpubl . data) several additional foliar characters are used here to identify taxa in the genus. These characters are: cuticular ornamentation, presence or absence of cuticular pegs, types of margin, epidermal patterns of microphylls, stomata, transverse sections of microphylls, number and distribution of collenchymatous strands in the mesophyll, presence and types of intercellular pectic protuberances (IPP) of the cells of the translacunar diaphragms, presence of a partial or complete foliar endodermis at the air chambers and intrastellar canals of the leaves (Rolleri & Prada, 2004) , and epidermal patterns of sporangium adaxial wall. These characters are included in the description of the new taxon.
The IPP are projections of the primary cell wall into intercellular spaces. They occur in leaves, stems, roots and seeds, but their most common occurrence seems to be in the mesophyll cells where they are more obvious and abundant than in other organs or parts of the plant. First mention of these protuberances was made by De Vriese & Harting (1853) , after they found them in the mesophyll cells of Marattiaceae. Luerssen (1873 Luerssen ( , 1875 made the first detailed description, introducing the term 'wart' that has been used ever since. More recently, Potgieter & van Wyk (1992) proposed the name of 'intercellular pectic protuberances' (IPP) in a study where they analysed the morphological diversity, chemical composition and possible functions of the IPP. They also listed the taxa of vascular plants in which IPP had been detected and gave a summary of laboratory assays to detect them. Potgieter & van Wyk (1992) mentioned several families of Pteridophyta in which IPP were documented, but most of the references came from papers that were written more than a century ago, and there are few recent works on IPP. Carr & Carr (1975) published the first SEM study in which the giant fern Angiopteris evecta (Forst.) Hoffm. was included; Stevens & Martin (1977) found IPP near the stomata in fronds of Polypodium L.; Hill & Camus (1986) analysed the chemical composition of IPP in Christensenia aesculifolia (Bl.) Maxon and Angiopteris smithii (Campbell) Rac. (as Macroglossum), and Rolleri (1993) studied the IPP of genus Christensenia Maxon calling them 'microprojections'. Rolleri et al. (1999) extended the study of IPP to all genera of Marattiaceae, and used the name of intercellular pectic protuberances previously proposed by Potgieter & van Wyk (1992) . Rolleri et al. (1999 Rolleri et al. ( , 2003 considered the morphological diversity of IPP as a generic trait in the Marattiaceae and proved them to be mostly pectic in nature. Lavalle (2002 Lavalle ( , 2003 made detailed analyses of IPP in all Neotropical species of Marattia Sw., Mengascini (2002) studied the IPP of five species of Archangiopteris C. Chr. & Giesenh. and Rolleri (2002 Rolleri ( , 2003 made a survey of these projections, illustrating them in ten species of Angiopteris Hoffm. Hence, Marattiaceae represents the only family in which the IPP of all genera are comparatively studied.
Among the fern-allies, Potgieter & van Wyk (1992) only listed the family Equisetaceae as having IPP. However, the intercellular protuberances had been previously reported for Isoetaceae by Hall (1971) as 'minute cellular spines' for I. abyssinica Chiovenda and I. nigritiana A. Braun from Ghana. Marsden (1976) The known types of IPP fall in three basic shapes: warts, filaments and connections (Rolleri et al., 1999) , the latter being irregular or scalariform. Potgieter & van Wyk (1992) gave the name 'scalae' to the regular scalariform connections found in mesophyll cells of several Icacinaceae. Warts, filaments, and connections seem to be common among the pteridophytes, but scalae is a type of IPP that has not been yet found in the group. Morphological diversity of the IPP was explained as a result of the fast separation of young cells during the ontogeny of the mesophyll (Potgieter & van Wyk, 1992) . A similar developmental sequence was proposed by Silva Tiné, Cortelazzo & Buckeridge (2000) for non pectic, xyloglucan containing protuberances found in the storage cell walls of seed cotyledons in Hymenaea courbaril L. (Leguminosae).
With the exception of the xyloglucan containing protuberances mentioned above, most of the works related to IPP suggest that they are mainly composed of pectin. IPPs react positively to all microchemical tests designed for these substances and react negatively to laboratory tests performed to detect other compounds, such as callose, cellulose, starch, complex polysaccharides or protein (Potgieter & van Wyk, 1992; Rolleri et al., 1999) . Nevertheless, pectins are complex substances and currently there are no detailed studies on the exact composition of the IPP.
IPP functions are mostly explained in relation with their pectic composition but there is no agreement in literature regarding this. Majumdar & Preston (1941) suggested that the IPP represent the first step in development of collenchymatous thickenings. FreyWyssling (1976) considered them as involved in the passive regulation of the cell wall hydration. HeideJørgensen (1978) and Carr, Carr & Jahnke (1980) considered these outgrowths as being important in enlarging the surface of cell walls and effecting lateral hydration, both in cells and within the mesophyll. Labavitch (1981) and Brinson & Dey (1985) considered that IPP are related to the storage of carbohydrates or similar compounds, while other authors associated them with cellular adhesion, secretion of an impervious water-proof barrier, suberization, or defence against pathogens (Davies & Lewis, 1981; Zhang et al., 1990) . Xyloglucan containing protuberances described by Silva Tiné et al. (2000) were considered to be related to 'maintenance of tissue integrity during imbibition and cell expansion prior to xyloglucan mobilization' in the storage cells of some legume seeds.
During our comparative anatomical study of Isoetes we observed that besides I. anatolica, most of the selected species showed IPP, and we decided to analyse its morphological variation, distribution and potential diagnostic value in the genus. 
MATERIAL AND METHODS
Fresh and dry herbarium material was used for this study. Herbarium material comes from personal collections of one of the authors (C. Prada), and from the following Herbaria: COI, JACA, MA, MACB, and SEV (Holmgren, Holmgren & Barnet, 1990) . Only selected representative specimens are cited in the Appendix. Additional Iberian, and extra-Iberian specimens are listed in Prada & Rolleri (2003) .
The epidermal pattern was studied after clearing the leaves with aqueous 6% NaOH, then coloured with aqueous 1% TBO (Gurr, 1966) . Hand-made, transverse leaf sections and leaf fragments torn to show the translacunar diaphragms of microphylls were used to study IPP and all other foliar characters. Samples were stained with aqueous 1% Toluidine Blue O (TBO) (Gurr, 1966; Ruzin, 1999) . The IPP react with TBO giving a clear, intense rose hue which indicates the presence of carboxylated polysaccharides and pectic acid. The dye does not give a colour reaction with hydroxylate polysaccharides such as cellulose or starch. Samples were photographed using a Nikon light microscope fitted with a camera. Anatomical illustrations were made using an Olympus CX41 light microscope fitted with a camera lucida.
Small 0.5-1.0 cm pieces of tissue were longitudinally stripped from median, basal and terminal parts of microphylls using sharp forceps. They were dehydrated with a series of 30%, 50%, 70%, 90%, 95% aqueous acetone, ending with at least two changes in pure acetone and fixed at the critical point to perform SEM studies. For each species samples were also observed without any treatment, in order to compare efficiency of methods. Treated and untreated samples were mounted on SEM stubs with double sided tape, coated with gold under vacuum, and photographed with a JEOL JSM-T 330 A (15 KV) microscope.
Spores were also studied with SEM. All samples were mounted on SEM stubs with double sided tape, covered with gold under vacuum, and photographed with a JEOL JSM-T 330 A (15 KV) SEM. Megaspore size was measured at the largest equatorial diameter, including ornamentation, using a binocular stereo microscope equipped with an ocular micrometer. Microspores were mounted in DePeX (DePeX mounting medium, Gurr, BDH Laboratory Supplies, Poole BH15 1TD, UK) and measured excluding perispore. In both cases, measurements are based on a minimum sample of 100 spores. Diagnosis: Herba amphibia, in terra prope stagna. Cormi globosi 3-lobati, 8-10 mm crassi, radicibus dichotomis. Microphylla ad 25, erecta vel patentia, 200-220 mm longa. Subulae semiteretes, crassae, non carinatae; apice obtusae vel rotundatae; basi usque 8-12 mm latae, inmedio usque 1.5-2.5 mm latae. Cuticula laevis in cristis longitudinalibus manifeste incrassata; cellulae epidermidis in mosaico dispositae, parietibus externis crassis. Stomata elliptica, 48 (50) 54 mm longa, 30 (32) 44 mm lata, 5-6 (7) -serialia, cellullis accessoriis magnis, ad 7(8) vicinis circumdatis. Folia intus quater tubulosa, septis transverse completis intercepta, cellulis ad instar stellae compositis, protuberatio nibuspecticis onustis, filamentis et juncturis laxe intrincatis. Fasciculi collenchymatosi numerosi. Velum nullum. Ligulae membranaceae, lanceolatae, basi auriculatae, marginibus sinuatae, apice acutae interdum erosae. Labium breve lanceolatum crassum. Sporangia obovata, pariete pellucida vel hyalina, asticta, c. 8-12 mm longae, 3-6 mm latae, supra basem foliorum instructa, dorso adnata. Macrospora candida, opaca, subtriangularis, 600 (695) 800 mm diametro; 1 bulla hemisphaerica magna et al. iquot bullae minoribus per superficiem proximale locatae; bullae coniculatae, numerosae, in superficie Scale bar = 100 mm. C, epidermal pattern of hypophylls. Scale bar = 100 mm. D, foliar section. Scale bar = 1 mm. E, anatomy of foliar margin. Scale bar = 100 mm. F, epidermal pattern of adaxial sporangium wall. Scale bar = 100 mm. G, ligule and labium. Scale bar = 1 mm. c, cuticle; co, collenchymatous strands; cp, cuticular pegs; i, intrastelar canals with complete endodermis; la, labium; li, ligule; pe, partial endodermis of the air chambers; st, stomata. distali distributae; bullae 60-75 mm altae. Microspora bubalina, 21 (23) 25 mm diametro, obscure muricata; perisporium psilatum vel irregulariter plicatum, spinulis brevissimia sporadicis munitum.
RESULTS

THE NEW SPECIES
Isoetes anatolica
CORM globose, trilobate, 8-10 mm diameter, with abundant dichotomous roots. MICROPHYLLS < 25; carnose, patent to erect, narrowly lanceolate, 200-220 mm long, 8-12 mm wide at base, 1.5-2.5 mm wide at mid-length. ALAE proximally hyaline or translucid, distally colourless, sometimes slightly darkened or yellowish, 1-2 mm wide at sporangium sides, gradually narrowing apically, extended 1/5-1/6 of total leaf length, generally incurved to adaxial face of the leaf (Fig. 1A) . SUBULA semiterete, adaxially plane, abaxially convex, not carinate; apex obtuse and rounded. Epidermis of subula with polygonal pattern, cuticular ornamentation absent, cuticular pegs well developed, evident as continuous longitudinal ridges; external wall of epidermal cells thickened, cellular ratio 3-1 : 1, both in abaxial and adaxial epidermis (Figs 1B, C, 2). Stomata in 5-6 (7) rows, both in epiphyll and (Pfeiffer, 1922; Jermy, 1965) 
THE INTERCELLULAR PECTIC PROTUBERANCES OF ISOETES
The IPP of Isoetes are found in the cells of translacunar diaphragms that develop in the air chambers of the microphylls. They can also be dispersed on the walls of the mesophyll cells which surround those chambers. Although the cells of translacunar diaphragms were not purposely studied here, it became obvious that they showed variation in shape. More or less isodiametric cells occur in I. histrix and I. duriei, while lobulate to stellate cells are found in the remaining species. Lobulations of cells differ in number and length with 6-lobulate cells the most frequent type. Six lobulate cells with short arms were found in I. adspersa (Fig. 17) . I. velata (Fig. 19) . I. andina (Fig. 21) and I. setacea (Fig. 31) and 6,7-lobulate to deeply stellate cells with longer arms were observed in I. anatolica (Fig. 39) and I. malinverniana (Fig. 45) .
The IPP mainly occur in the area where the lobes of two cells contact, however, in some species they appear also widespread over the entire cell wall (Figs 21, 25, 31, 39) . IPP density varies among species from sparsely to densely grouped protuberances. The Figures 11-16 . Spores of Isoetes anatolica. Fig. 11 . Megaspore, proximal view. Scale bar = 200 mm. Fig. 12 . Megaspore, distal view. Scale bar = 200 mm. Fig. 13 . Megaspore, equatorial view. Scale bar = 200 mm. Fig. 14 . Megaspore, detail of surface. Scale bar = 50 mm. Fig. 15 . Microspores, proximal view. Scale bar = 5 mm. Fig. 16 . Microspore, detail of surface and fibrillose internal structure of wall. Scale bar = 2 mm. IPP are sparse and isolated in I. duriei and I. longissima (Fig. 27 ), while they are abundant and dense in I. setacea (Fig. 31) , I. anatolica (Fig. 39) and I. malinverniana (Fig. 45) . Mesophyll cells surrounding air chambers can also bear isolated or locally dense groups of IPP (Figs 25, 37) . Types of IPP found in Isoetes were warts, filaments, and connections. Warts are spherical, globose, claviform, or almost conical, sessile to pedicellate protuberances. Surfaces of warts have been found to be smooth, rugose or fibrous. Filaments are blunt, acute, or capitate, cylindrical protuberances that vary in length. Their surface can be smooth or rugose. Connections link the walls of two or more cells. They usually appear mixed with filaments and/or warts, but they can occur as the predominant type.
Spherical, bulliform, sessile warts with their bases as wide as they are high and a smooth surface are the only type of IPP found in I. adspersa (Figs 17, 18, 41) , I. andina (Figs 21, 22, 42) , I. boliviensis, and I. lechleri. Slightly pedicellate warts occur in I. velata ssp. velata (Figs 19, 20) , I. engelmannii (Fig. 23) , I. melanopoda (Fig. 24) . I. killipii (Figs 25, 26, 44) . I. longissima (Fig. 27) , I. duriei and I. velata ssp. asturicense. Those of I. melanopoda, I. killipii and I. longissima have a rugose surface while the others are smooth. In I. storkii (Figs 28-30 ) the warts show a fibrous texture, they are spherical, mostly sessile and form compact clusters at the end of the lobes of the stellate cells of the translacunar diaphragms.
Short or long, smooth or rugose, sometimes moniliform filaments, with blunt, acute or capitate apices, were found in other species mixed with dense arrangements of warts or connections. Isoetes setacea (Figs 31-34 ) has short, acute filaments located at the ends of cell lobes. They are mixed with conical to bulliform, smooth warts, which are dense, variable in size, and evenly covering the surface of cell walls. Isoetes lacustris (Figs 35-38 ) and I. brochonii have dissimilar, thin, erect or curved filaments, mixed with spherical, sessile, rugose warts. Isoetes lacustris also shows occasional connections in addition to the other types of IPP.
Connections, variably mixed with thin, smooth or rugose filaments were observed in I. anatolica (Figs 39, 40, 46) and I. malinverniana (Fig. 45) . The connections were clearly visible through the pores between cells of translacunar diaphragms.
The IPP were not found in I. boryana, I. echinospora, I. histrix and I. novogranadensis. Cell surfaces of the translacunar diaphragms are smooth or appear covered by microprotuberances that are much smaller than the IPP types previously described. These microprotuberances are also pectic in nature as they stained intensely rose with TBO. They could be seen at a magnification as low as ¥ 2000, but their shape is better resolved with a ¥ 5000 magnification. They were found in I. engelmannii (Fig. 23) , I. longissima (Fig. 27) , I. lacustris (Fig. 38), I . brochonii and I. lechleri.
The IPP described are easily detected under a light microscope with a magnification of ¥20, by making sections of microphylls and staining them with TBO. The photographs in Figures 41-46 show both sparse and dense IPP in samples obtained by these methods. With SEM, IPP are visible even in samples not fixed at the critical point. Clearing and bleaching agents do not modify IPP shape neither do they affect their microchemical reactions to TBO. In general, the age of the collection or the drying of specimen does not appreciably affect IPP: photographs of I. adspersa (Figs 17, 18) came from a collection made in 1883. It was simply rehydrated and directly mounted for the SEM. Rolleri et al. (1999) made the same observation for IPP in Marattiaceae.
DISCUSSION
The IPP of the studied species of Isoetes are variable in morphology, distribution and density. They can be warts, filaments and irregular connections; scalae have not been found. In some cases, they are extremely sparse or isolated, in others they can be locally dense in the areas where two lobes of the diaphragm cells contact or they can be more or less densely distributed over the whole surface of those cells.
According to the microchemical test used, composition of IPP in Isoetes is mostly pectin as indicated by their reaction with TBO.
The number of species under study, the types, and variation of IPP found, strongly suggest that they can be used as a diagnostic character in Isoetes. Some species have a very characteristic type of IPP, as the connections of I. malinverniana and I. anatolica or the very distinctive, previously unknown fibrous warts of I. storkii. In addition, the combination of dense, heterogeneous warts mixed with filaments is the characteristic IPP for I. setacea. The IPP may also be used to show affinities among taxa in some groups. The similar IPP found in I. velata ssp. velata and I. velata ssp. asturicense together with several traits of the sporophyte, such as those of foliar morphology (Prada & Rolleri, 2003) , reinforce the idea that they are closely related, and differences might support a lower rank than the subspecific one. The characters of foliar morphology, chromosome number and a different type of IPP could be used to justify that I. longissima, morphologically close to I. velata, be treated as a subspecies. An absence of IPP in I. boryana and its presence as bulliform warts in I. adspersa, serves to differentiate them from the other morphologically related taxa.
Another interesting group includes I. brochonii, thought to be an allododecaploid derived from I. lacustris and I. echinospora through hybridization (Taylor & Hickey, 1992) . For a long time I. brochonii was a misunderstood taxon either assigned to one of the parents or another (Badré & Deschâtres, 1979; Berthet & Pépin, 1984; Prelli & Bock, 1989) . Analysis of IPP clearly relates I. brochonii to I. lacustris while distinguishing the first from I. echinospora. Several characters of the foliar morphology allow differentiation of the three taxa (Prada & Rolleri, 2003; C. Prada & C. H. Rolleri, unpubl. data) . On the other hand, examined specimens of I. lacustris from Europe and the United States showed the same kind of IPP; this reinforces the idea of considering I. macrospora as a synonym of I. lacustris (Taylor et al., 1993) .
Isoetes is frequently mentioned as a genus with a reduced number of stable diagnostic characters. Systematics of the genus has been largely supported by spore characters and some vegetative traits such as the extension of velum and lobing of the corm. Spore characters seem to be less variable than other vegetative characters, but sometimes similar megaspore textures are found in different species, as in the case of specimens of I. killipii and I. novogranadensis studied here. These two species show same size and ornamentation in megaspores and microspores, but clearly differ in IPP, as well as in other foliar characters (C. H. Rolleri & C. Prada, unpubl. data) .
The present knowledge of IPP of the stellate cells of the translacunar diaphragms allows us to regard them as diagnostic specific characters, and their presence and morphological type probably connect, also, groups of allied species. This has to be investigated further. The IPP of the filamentose type are in I. anatolica and I. malinverniana, and illustrations of Hall (1971) We want to emphasize that the presence and type of IPP are stable characters. IPP are found in every developed translacunar diaphragm and they do not change with age of the microphylls. They are well preserved even in old herbarium material and they can be detected with a simple staining method applied to small fragments of microphylls from either fresh or dry specimens.
